Introduction
Common equine infectious diseases include viruses and bacteria. Even mild clinical infections affect the horses' athletic performance and may also require costly quarantine measures and/or interrupt the plans and running of the daily business of many equine establishments. Based on preliminary results from questionnaires to riding establishments [1] and professionals visiting horse stables [2] , most Swedish horse owners are aware of the risk of infectious diseases but believe that simply vaccinating against equine influenza and having a general awareness of measures to be taken in case of a confirmed outbreak of strangles is sufficient to protect their horses from infectious disease. Studies on equine influenza demonstrate the importance of biosecurity to prevent indirect transmission of the virus [3, 4] . Moreover, during outbreaks, owners of unaffected horses appear to trust in biosecurity measures to protect their stables from infection [5] . In contrast to equine influenza, bacterial infections such as strangles can be spread via subclinical carriers [6] , allowing for "silent" transmission of the disease. While prolonged persistence of the bacteria in the outdoor environment may not present a major risk [7] , persistence on contaminated material such as polyester halters, despite washing, has been demonstrated [8] , suggesting that visitors to stables with subclinical carriers of Streptococcus equi subsp. equi (S. equi) could potentially spread the disease via fomites such as contaminated clothes. Moreover, biosecurity practices that are routinely used in many livestock holdings are rarely applied in horse stables [2] . Consequently, people involved in horse sports who visit more than one stable without also changing clothes between stables pose a risk for indirect transmission of infectious agents.
The overall aim of this study was to examine the risk of clothing such as fomites transmitting bacteria such as S. equi between horse establishments. Specifically, we aimed to assess the survival of experimentally contaminated S. equi on clothes and identify whether bacterial pathogens from subclinically infected horses can contaminate clothes of visitors and staff under current stable routines. Results from this work can provide necessary data for explicit incentives to develop practices such as always requiring visitors to wear clean clothes and offering professional visitors protective clothing to reduce the risk of disease transmission between equine establishments.
Material and Methods

Streptococcus equi subsp. equi Survival on Different Fabrics
Two different common textile materials were used: a softshell material with an inside of fleece commonly used in jackets (92% polyester and 8% elastane) and a cotton material commonly used in t-shirts (100% cotton 150 g/m 2 ). The textile materials were purchased from a local fabric shop and washed four times at 40 C in a commercial washing machine to mirror real used and washed clothes. In addition, after completing a 90 C program with an empty machine, a fifth wash was performed at 60 C because cultured controls showed moderate-to-abundant growth of bacteria on the fabrics (t-shirt and jacket, respectively). No bacterial growth could be detected on either fabric after the additional wash. After washing, the two fabrics were cut in pieces of 8 Â 11 cm each and individually placed in large petri dishes (15 cm; Sarstedt, Nümbrecht, Germany). Three different S. equi isolates that had been stored at À70 C in Brain Heart Infusion (BHI) broth (CM1135; Oxoid, Basingstoke, UK) with 15% glycerol were used in this study. Two clinical isolates, S1 and S2, and one reference strain CCUG 23255T (Culture Collection, University of Gothenburg, Sweden). S1 is a clinical isolate received from the National Veterinary Institute, Uppsala, Sweden. S2 was isolated from the environment in a Swedish horse stable in 2017, which had had a diagnosed case of strangles one month previously but which had recovered. The isolates were subcultured twice on 5% bovine blood agar (BA) plates (B341960; National Veterinary Institute) at 37 C with 5% CO 2 for 24 hours before inoculating (one colony) 10 mL BHI broth (Oxoid). The inoculated BHI broths were incubated at 37 C for 20 hours followed by centrifugation at 1811 Â g for 10 minutes. The resulting cell pellets were washed three times by addition of 10 mL peptone saline (0.1% peptone in 0.85% sodium chloride [NaCl]) followed by centrifugation at 1811 Â g for 10 minutes. After the final wash, the three pellets were resuspended in 10 mL of 0.9% NaCl, and 100 mL of each washed culture (corresponding to 1.3 Â 10 6 colony-forming unit (CFU), 5.3 Â 10 7 CFU, and 3.9 Â 10 7 CFU for S1, S2, and the reference strain, respectively, according to the viable count) was used to individually contaminate pieces of the two different fabrics placed in large petri dishes. The viable count was performed by plating 100 mL of tenfold serial dilutions of each culture on BA plates, which were incubated at 37 C with 5% CO 2 for 24 hours. In total, 264 pieces of fabric were contaminated, of which half were of jacket material and half t-shirt material (3 isolates each in 4 replicates). The petri dishes with the contaminated fabrics were kept on a laboratory bench at room temperature (20e22 C) throughout the experiment. Viable counts were also performed on the contaminated fabrics on day 0e11 after addition of 100 mL buffered peptone water (CM0509; Oxoid) followed by homogenization for 1 minute in a stomacher (easyMIX Lab Blender, AES-Chemunex, Weber Scientific, Hamilton, NJ, USA) and a subsequent spread of 100 mL of the liquid on 5% bovine BA plates and incubated at 37 C with 5% CO 2 for 48 hours (read after 24 hours and 48 hours). Confirmation of suspected S. equi colonies was performed by the Microflex LT MALDI-TOF mass spectrometer (Bruker Daltonics, Billerica, MA, USA).
Transmission of Bacteria in Stables
To illustrate bacterial contamination during horse handling, 27 visitors to 21 stables were each provided with one pair of sterile cotton tubular retention bandages (>7.5 cm Â 25 cm Danafast; Mediplast AB, Malm€ o, Sweden) to wear externally to their sleeves during 15e30 minutes of ordinary handling of the horses. In addition, five negative controls consisting of unused tubular retention bandages (two pairs ¼ two samples), bandages that were placed on a jacket and directly removed (one pair ¼ one sample), and bandages worn while visiting a pet shop without direct contact with the animals (two pairs ¼ two samples) were included in the analysis. The pet shop bandages were worn for 30 minutes, which was the maximum time that the stable samplers could have been worn (15e30 minutes). This is to control that the bacteria on the bandages came from the environment and not merely from the jacket. The bandages were placed in sterile plastic bags with 25 mL of peptone saline (0.1% peptone in 0.85% sodium chloride [NaCl] ) and transported to the laboratory at an ambient temperature. The bandages usually arrived within one day after sampling and were kept cool until analysis by quantification of 16S RNA copies in each sample with Droplet Digital PCR (ddPCR), on the day of arrival or the day after.
In the laboratory, 90 mL peptone saline was added to each set of bandages before 2 minutes of homogenization in a stomacher (easyMIX Lab Blender, AES-Chemunex, Weber Scientific). Half of the homogenate was poured into a 50 mL centrifuge tube, which was centrifuged at 1811 Â g for 10 minutes. The supernatant was discarded and the rest of the homogenate was poured into the same tube which was centrifuged at 1811 Â g for 10 minutes again. The supernatant was discarded and the pellet resuspended in the 150 mL lysis buffer G2 (Qiagen, Hilden, Germany) and transferred to a 2 mL microcentrifuge tube. Ten microliters of each enzyme Lysostaphin (200 mg/mL; Sigma-Aldrich, Saint Louis, MO, USA), Lysozyme (20 mg/mL; Sigma-Aldrich), and Mutanolysin (5000 U/ml; Sigma-Aldrich) were added to the 2 mL tube prior incubation in a ThermoMixer (Qiagen) at 37 C and 300 rpm for 20 minutes. Proteinase K (600 mAU/ml; Qiagen) was added prior incubation in a ThermoMixer (Qiagen) at 56 C and 600 rpm for 10 minutes. The tubes were centrifuged at 1000 Â g for 30 seconds to remove large particles, and 200 mL of the supernatant was extracted by the EZ1 Advanced XL (Qiagen) using the EZ1 DNA tissue kit (Lot. No. 157040380) and the bacterial protocol. The elution volume was 200 mL, and the DNA concentration was measured in a Qubit 2.0 Fluorometer (Invitrogen, Carlsbad, CA, USA) using the Qubit ds DNA Broad Range assay kit (Invitrogen).
The number of 16S RNA copies in each sample was quantified by ddPCR technology using the QX200 Droplet Digital PCR System (Bio-Rad, Hercules, CA, USA). Primer and probe sequences used were from the universal assay developed by Strub et al. [9] The ddPCR reaction mixture comprised of 1x ddPCR Supermix for Probes (no dUTP) (Bio-Rad), 320 nM of each primer, 140 nM probe (VIC-MGBNFQ; Applied Biosystems, Foster City, CA, USA), and 2 mL template DNA, in a final volume of 22 mL. Droplets were generated by the QX200 Droplet Generator (Bio-Rad), and amplification was performed in a CFX96 Touch Real-Time PCR Detection System (BioRad). The amplification protocol consisted of 95 C for 10 minutes, 40 cycles of 94 C for 30 seconds, and 60 C for 2 minutes, and finally 98 C for 10 minutes. The samples were analyzed undiluted and in three ten-fold serial dilutions. Water (W4502; Sigma) was used as a nontemplate control in each polymerase chain reaction (PCR) run. The number of bacteria in each sample was estimated assuming that each bacterium contains between 1 and 15 copies of the 16S RNA operon [10] .
In addition, all samples were analyzed for the presence of S. equi and Streptococcus equi subsp. zooepidemicus (S. zooepidemicus) by real-time PCR using primers and probes developed by Båverud et al. [11] . S. zooepidemicus was used as a surrogate for S. equi, as the stables had no known history or signs of strangles-related disease.
The 15 mL real-time PCR mixture consisted of 1x PerfeCTa qPCR ToughMix, Low ROX (Quanta BioSciences Inc., Gaithersburg, MD, USA), 470 nM of each primer, 100 nM of each probe, 1x TaqMan Exogenous Internal Positive Control Reagents (Applied Biosystems), and 2 mL of template DNA. The PCR program comprised of an initial denaturation step at 95 C for 3 minutes, followed by 40 cycles of 95 C for 3 seconds, and 60 C for 30 seconds. Strains CCUG 23255T and CCUG 23256T (Culture Collection, University of Gothenburg, Sweden) were used as positive controls for S. equi and S. zooepidemicus, respectively. Water (W4502; Sigma) was used as a nontemplate control.
Results and Discussion
Streptococcus equi subsp. equi Survival on Different Fabrics
The survival of the three S. equi strains on the two different clothing materials is shown in Figure 1 . Survival was notably longer on T-shirt material than on jacket material, but varied between the strains, and also in the number of positive replicates. The reference strain demonstrated longer survival time than the clinical isolates, suggesting some form of adaptation to laboratory conditions. It has previously been shown that bacteria are quick to adapt to such conditions and that extensive subculturing, which is common for reference strains, may affect some important characteristics of the strain [12] . The difference between the two fabrics may have been related to structural properties, as the surface of the jacket material would appear less prone to adhesion. However, difficulties observed in removal of the bacteria from polyester halters by washing [8] indicate that material type alone is not the sole factor for bacterial retention. All strains survived at least 24 hours on both fabrics, indicating that transmission between different stables via visitors' clothes is possible within this time.
Transmission of Bacteria in Stables
The amount of bacterial nucleic acid detected on sleeve samples, translated into the estimated number of bacteria, is shown in Figure 2 . The average estimates were 1. samples from horse stables, 13 (48.1%) were positive for S. zooepidemicus, but none was positive for S. equi. All five negative controls were negative for both S. zooepidemicus and S. equi. Given that these stables had no recent experience of strangles, the lack of recovery of S. equi subsp. equi is to be expected. On the other hand, the closely related commensal S. equi subsp. zooepidemicus can be described as a surrogate marker that likely reflects the ease of fomite transfer of S. equi subsp. equi from a contaminated stable, in particular with handing of horses. As seen in Figure 2 , there was considerable variability in the bacterial contamination of sleeves, probably due to differences in type of activities the person was undertaking during the sampling period. The instructions provided were to conduct their normal routine when handling their horses and make no effort to either avoid or induce contamination of the cotton tubes. Reportedly, the horses did not react to the sampling tubes that were worn, and thus, the samples reflect with reasonable accuracy the level of bacterial transfer to clothing for stable visitors during close contact with horses. The amount of bacteria in the samples were similar to what has been used for experimental infections in horses with S. equi, where 10-100 million CFU have resulted in clinical disease [13e15]. Although our results reflect the load of a mixture of bacteria, experimental inoculations use pure cultures and hence direct comparisons cannot be made. However, our results indicate that people's sleeves are easily contaminated by substantial amounts of bacteria when handling horses. In addition, they show that if one of these horses is subclinically shedding S. equi, the bacteria could survive on clothes and potentially infect other horses coming into direct contact with the contaminated fabric at a later time or location. Although people normally do not visit many stables in one single day, this is common practice by professionals such as veterinarians, equitherapists, and farriers. Thus, current biosecurity practices in most horse establishments are not sufficient to fully prevent disease spread [2] .
Conclusions
Our results indicate that direct contact with horses can result in bacterial contamination of clothes and concurrent spread to other horses and horse establishments, and in particular that S. equi can survive at least 24 hours on such fabrics. It is thus advisable to change clothes between different stables and to offer stablespecific protective clothes such as a light jacket for professionals visiting the stable. In addition to washing hands, this is a simple and inexpensive routine that improves biosecurity.
